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(54) SUPERCONDUCTING JUNCTION AND SUPERCONDUCTING CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a superconducting 
junction which can be operated at a fast speed by low 
energy by making an effective Mc Cumber coefficient which 
depends on electrostatic capacity of a capacitor part larger 
than a specified value and making an operating current t 
flowing to a junction part during generation of a voltage in a p. 
junction part larger than a minimum current value which can ... 
maintain a voltage. v#fc$fc ^fot if 

■ • . - O7" " 



SOLUTION: In a latch-type circuit, a high temperature ^;in" 4 ,|\. I V 

superconducting junction can provide hysterisis to its I~V !/??J | V Cj -fRf: 

characteristic by connecting a capacitor part Cs to a — 
junction part J1 in parallel. Furthermore, a Mc Cumber 
coefficient Pc is adjusted and the relation between an j 
operating current lop flowing to the junction part J during 

generation of a voltage of the junction part J and a minimum ^-S/S^^'Bj^ 
current value Imin which can maintain a voltage is also 
adjusted to surely develop hysterisis. The Mc Camber 
coefficient Pc is featured by hysteresis characteristic of a 
Josephson junction pc=27ricCR2/&phiv;o. Here, Ic is the 

superconducting current, C is the electrostatic capacity and &phiv;o is the magnetic flux. When p 
c>1, hysteresis develops. 
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i 

W|t*&ft*Jftstt& ( 

SskfiS J: *J < ft * J: 5 ft r I * 4 C <L «rft 

[15*312 ] M2tt&0R&B)&* + >tf*»*wo 
tra *mattstii&!» i «3?.i*tsstfa»w &n-ca@B 

**S 1 (C£jj5^afi£#£. 

e*««E>fi-»*wa-*}©ae«(t i or mattes 

&t*&T*<!;<ti>K:, 

a&«tt(C J: 0 MB* ^ f £ a^msfc^ 4 C <L £«fl* 

ft #^ta $ naa* t . $ n*w»± 

■ftlij: o < ft* J: $«a*s nrc^*c t*« 
tt&f&aewBn. 

[ft9K>ffta&l»!] 
[ 0 0 0 ! 1 

[ o o 0 2 ] 

±l/C«M#S«VCt**. aEWf 1 ^ s>*JUHHK>$fe, 
*iSiaea»l*S«:ao*A:*-'B38fiT- (Sinqle Flux Qu 
antum : SFQ) lElsfili. ftx**^-? 
ifcffr*il^»tt«r»->'C^O, VMWNWI 



(2) «MR2 0 0 0-3 53 83 1 

2 

[ 0 0 0 3 ] 

[%mm&b<t:^t?m&] i/^i/ft**6. ssa 

<£«f**ffil*fcSFQBBi*. *CSW«E*M <xn 

<i«B*fftt3tr*cii*^te , c^*fe««>, *r«<*>t£ 

««IBtM*W^*cca*Kjft&i 1 Enc[>CRm«6 

^ft^CCtttt?*C££ff?*. *CT\ S^<?>fe1 
CCO*-7*^A±ft*«RBB»«:fta3'tt. SFO 
10 @BcWMfii8**«#WB«:K*C**l 0 <mV> 

a« * -cwrr *#st** *• 
[ o o 0 4 ] > * - 7 * ^ x<ta*» 

BttiMi*3*va**. H*. Jtt^9«b7V>*** 

CtC**. C02ig<BB»& U>to9*^9-fe7v>ME 
*C£'Cft+ <mV> <Dffi/3£»* 
Ci#l?», S*ffffc<.,JH>o C (DiCiv A^f ft S / N tt 

[ o o o 5 ] *>&c<o? v *^©*fl«a»i*. a^ 

*S^S«-SE { i - V} »tAr'j^^W 

3i5n*4>^c**. ^o^c> i -v«tt«cb^^y^ 

^ * » )fe ft l «: <- <0 * * fflC * fc ^>-Cti£HM 

^«WW * C i lit 1 * ft l *i l *^ pwa^* * . 
[ooo6] sea:, aieec^ji^K:, 

30 frCi^aeaSS^T^rVWA <SQU I D) *i4?<tc 
tt+fltMtOT*E«±Cf*^«Mffll/feiaB3^X 

>^^^>, Jttt 5 s-*s7v>*^*ffl( f »fcaew»$r 

**• l#)M/C©*««CA0 1 0 (oiV) ^JK^'Hi^^ 
«*»*fc^^H(»y±0«*»^£fiMR6ft 0 > ft 

[ 0 0 0 7 ] C ©J: ^ cc. MaC«(t«:fflC^c4MB 
SK*. a*a- ltx*A*"-IMf«r5iedr*SFOH 

sk>-/>^-7 x^Aio-cs«>i:asa$nri»*K: 
40 fcf&fcfcT, «3^ja^>2>,-^ hftttrtrcntjpi-s- 
&citt«w»ic^ai««:**. 
i o o o 8 j * c x-*mm, w&mz&ftzm^tc t 

^^Ut/^«ri!l/ft^ys'te7y>«SK:j:*)aiBji, 

isx.t -'caff^iteft ae«»&?:S«r * c t * 

m&tU, R(C(»C©aeW«td<;*l/, SFQB^i 

• sa*«*ii»8i©ra©^>^-7*^xiucftwc 
affif*(Sa/3©ae«@B8^, §isae«@8s^sF 

7*. MBafi9»Bn«AiifcaemiB^?7iittfcn 
so ^iittdntett^afSfraB?' * 7 r «*r *ae«iaa 
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3 

vc n t m$ titc&mm®ftzm? 4«b - 

tOO 09] 

l 0 0 101*1 <D^J8i*. aea»ttS*»jfti Ofcfc 

n/c * + <> * ss* « 4 fc££te££ 5 nx 

fe 0 . j§5!S* + ; * »Z>»eSSK ftp* 4*3OTft 
7- ; *>; <-ff&# i J: 0 * * < , 1 .on&tt^ AMS 

tz&fttt? 4. 

[0 0 1 1 ] CCt, lffitt£tt&UWB*t<"t'*B 
tffbTTftttflftNrtt&f: i HxatMtM-cae 

too 1 2] S£fc % juwaBB**^!'**©** 
anewM^HH WEn $ tvc * o , maHUfiiRH«>- 

sa-««>ae«(*i itxma&iz&zfimr&ttb 
jJMemi»> 6*ww ^ci jws^ 4 e 

t o oi3] mzw^wz. '<4 rattSfemftttSn* 

sn*i»i*stfii4><c, i^si*SB*c[>ae»t# 

gtr.'l - $ tvc ft &aE«BB*4*ft£ ? 

4. C«>»2«>*Stt 1 M2^-"7#. ^s"b?V>lt 

aria* t^<^**po»s*a«cftgr*3it» 
«a ■? v ii >;< -mat i * ♦)**<. ji^iuKStea 

*JfftaS/MSS6fBJ: *) fcrt&< fc4<J:5KKS3tvci' 
[ 0 0 14] 

r 'J >A & W 0a C >tc$>. C o>$£&VZ<-o>£ £ X 

y ? ^mm^ mww 4c t ire* a* ». **wfre«. 

* 'J f Atfvfctt* C ±#5]ft± ft 9 . XfCIiBRS&iS 
iftfC&M? > - * *J8iEtf KUBAC iJC J: 0 

i»«a«r«i»fc*ast i iw , PT*ft«a7 - *2asBs&t8 

<jtr4C&a*'C«r4. 

tOO 1 5] AltttyCli. ^^-rf-jriorjfef?-^* 
>^<-fffcff fc %1 J:»J**l*9r*ai4;rnK. I-V 



(3) #W2 0 0 0-3 5 3 83 1 

A 

$tVCC*4fctf>. ^^^7>/<-{Sa/2, lAMr*^**! 

0»a*SJcft»i/ % cfiKftA?4. a-?tr. 

££ t >l *«fcri*«fl±'r4KW:, 
»««S«r^«iB«jec«l!DS t>4 fc«>KfffS»G>* + t > 

I 0 01 6 ] IK, X? > - $ ± l/C . 

£R(cifdaK:acn4ttft«iti M i. waawrattft 

S'MKMti... J:0fe**<fc4c*:$tc8S*T4o 
io fc. I..> I... ft»fcr*fc^«:*fP«fli! # .*W6r 
4C iKJ: 9 . * «lt* ^ 70>j*Bi|^ia4Ui:S7EftS 
E«»Win4. 

[ 0 0 17] CO^'J: ^tc. tt$«(C^ +^S/*»«:atW 
l. !i"?lMniftl„*I„> I... ^:^tcs&: 

iwr4K«a 5 ? ^aBBB6W»r 4o 

[ 0 0 18] 

l*B*KOl*XBBI**IB0ft^6l?aB(C»«T4* 
[ 0 0 19] < .* 1 ©mS^SR) *r. IF 1 4>*tMMR 

B 1 **tt»SS©7 ^ ^aBK^-S^ISfiSffl** 
f BBBt l ab4. B 1 *. I . ultMJW** V # . , tiffi 

ft&T4tf^«flCut:<i»4^ b^^y*/At»fcft 
i*ABft^ji'fe7v>#s , c*nactiK:iR6av». ^ 

r 'j >zfitiic ifi < ft 4 c i^T-s^ nr *j o . 

J: 5 a»^«c t *H -c * 4 • 
[ 0 0 2 0 3 *#Jte**»<02 ?-21BBSK:*JC^C**, 4* 

♦i. Ma@0tt^tt-e« I -V^|4^b^r»J^«r 
J#^ctT4 C i^uirei ft 9 . Mccii&g^tc b 'J 
40 *H«8'lt4fc»«:^?*>^<-ffB!fic ^^SpT4i: 
<b^e<:, ttdtfJ v o^E^Blccjg^j, i<: t ^n4 
ttffStt I M &«BEltifflttfcft*«aN I ... t«>B 
iS^iSl^T4. 

to 02 1 ] *T, ©fflSK:^^ 
rswr 4 e ^5t7 >• >fc£<Dt * ^ y s^^tttti*, 
i8 t =2* K CR 1 /*, 

«c^:->r«tt«^6n4. ccx\ i, itfieiswsft. 
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[ 0 0 2 2] *>t, flhff *£ ! I ... 

mc w&u i> * ^ > - $ MREttK pittas* 

i.o= i. Ri / ( R» + R« > >I.i. 
«j|lfcr£R#A«. cc-c, R„ 

ft* (Jl|jZWirtieWxb»Fa^jFXj : MUB 

[ o 023] bt*ic, jssaeeis^^Hi-'c^ ? * 

[ 0 0 2 4] *Xtt£tt®9 ? *^[BJ&5T'l*£/5*SE*r 
£«tt£tO*C. tt^BJi Rtf* + ^'*BC» 

[ o o 2 s ] z<o* *<ciMt* ftte* * ^auatttcfci* 

(C£ Oflhtfc. ffi*Ofc»£<&4$fia* I c =250 { n 
A) . R m = 8 <Q> tO. R. =5i){Q}iU 9 

4. i o<w»a«:-3t*t:. i„, \ nin o>c> tm»x 

■ 6. N=4C*fi£i*, C»>Q. 0 7 (pF>, N= 1 
OrBt, Cs >0. 3 (pF) *C/S, > ! t l..> i 
... <Dft<***K»fcO. 2**BBB3WMtC*&C 
t*M*. C©<fc5tc % N#ft*l>tf&fc*ftC» 

[ 0 0 2 6] We, N = 1 Oom&tCtdM** 9 v 

rCC-Cs ffcim*fiB^fc*Mt&®6K*? 0 C, #tc* 
Ir^tttr t** < ft 0 , 'BBBt 0 % C»*3ft*iSj*1t 
(OSIIP^^C* ©±BW««&. 10 (GHz) CftflE 

Kt#**t. Cs < 1 <pF> aUCi^gt 

Mfc, N= 1 0CE>t*. 
0. 3 (pF) <Cs <1 (pF) 

tft*. 



[ 0 0 2 71 C ©J: ^ tc. ft«iEtS£»£<DK» ( NH) 
K«J:^TSft*4>G>fl>, >1&VL»>I.,. 4>B 

ft&. C» OiSEiite&fc. 

0. 1 (pF ) <Cs < 1 < P F ) 

t»B**C4*»Bt«*i*;l*, 

[0028] ^t4a, **»&«Ji K&n 

?nOfc4Stt3Wi6--O^C«ft<, ftoTCs fcttfEB 

^\n\mi%mmi>^< a*»*t: i ... < ft* 

[ 0 0 2 9] GllftBS * . ***UBaK05 ? f 

A> . '<4r*3i&&2 2 0 <ji A> tO, Cs ^1 
20 (pF> , (S, «: 5 0 1 0/c. H7 < a ) p < b ) 
h. IB^KiA»ft7?*Sifg^SJiOTfe*J % 2 (m 

[ o o 3 0] c c r\ **tt^3S<07 ^ *a@Bs^fe^ 

-WC Rii?L 6 $ ft • SM?L 6 FTt'.» < U 7 & 

30 o -cTaaae wtt 4 s^±aae«!B 5 

rt0-C*d«J, ^SAdft&tt^, ^fe1$S^li3 
«tt^TiMGemi4 RW±«Mfli£WB5 cc^: 9 + * 
^i**»C* #R«3ft , CttJ«3ftXi»& 0 
[0 03 1] CCT, IMtfittM3ttC»t»»&LAST 
(La c ... Sr»., (Alp... Ta ( . ? ) O. > T 
tt8is«tt4K»±iKBE«M5ttYBCO (YBa, 
Cu, > ^<y+H7tt ! TO (Inchun Tin o 

xide: SntK-^Ofel rtOx ) fttfteftHMt* 
Z>m®X'hZ>. Sft1Se»!S30)$^di*2 0 0 a mfgft 

40 tsti, ^ytB7ttM»«awi2 5 0 a> . ^> 

4^16^8 <Q> <!>b<QX*>Z><> 
[0 03 2] COC-ct^ft^^tCfet^C. Bs»sac*fl[t 

o-cio (kA/csi 1 > fia, jae«B8ki< t-/- 
7^s^R H tcDAlc Ri tori (mV>Bftwig 

B4&±BBE«B5 tCDBft »3BS<cte»f 

£«B5CS>Bfl«4*dBJ 1 OB«® 1 Offii^t^ 

so inBSMttE^tO, ttdtfJ, ±0±Sjae«B5«:~ 
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asw^ttj, Qa»©»2 0ttija«, 
c *7««tT*c±a*'e** 0 

[ 0 0 3 31 * fc, tt^SS J , 0H2®flHfMM*Jfc 
AOttettArtltfl COOL*!*****:!!* 

*r«4r ^.«-r -2> c <t «c * o , jbttts&M 5 ©is«* 

mitotic tifiVB^. RlttWCtt, B9K5WJ: 
j , a>B2KC«SS»C^&S r T i O, 
»«8 4:©.tt'r& 0 CCPSrT'O, i#fi&6 0 (K ) 

Rfig^5&aiJBi*t?4>ntiP-jaw. #2. 

[ 0 0 3 4] W±MW i/fc J; 5 ic, .91 0$lU*£Scc <fc 

fT*ai„*l.o>i.i. *#fcTJ:SK:a*t/. «* 20 

ftft 5 C i <c<fc 0 , I5fiSf£«tt&ffiW<: tAf'J «/* 
«rW l/fr C^:> 5 Has 7 V StC J: 0 ffiffil, tf&x * iU * 

I 0 0 3 5] <92 <D%m$& ) *K . 2 4> 

**Wt««C-7V *. C<DW2 O&MSS'CI*. 

iSSeeiStt^Sffl^A:*-^*©^ <SFQ> 
7 * ?3KBSK<!:«4 >^-7*^Ai brttSST^S F 

[00361 B1 0 it *taastu> s f 0/7 ? 

v.., imtM*. 1 1 i*>wr*saL j« . j 
, ^ssaG^s^ Cs,, c«i««d*j, . j, 

aea«* 1 2 cit m 1 g&m^s&hwc-? ? a > 
r. /3« >ifl^i„>i...*«ftr«J:5KWi3 

[0 03 7] CCTT\ A*tt*V I .K«Sl3nfcSF0 

BB^^aeW«SS<DS F QM ju*#A;frr&&. aa 
[ 0 0 3 8] $XMSfltG>SF 0/7 v> *&&mzX'\t 



#1820 0 0-3 5 3 83 1 

2a«w&4vca6ju-*i 0Kifcc> , c l y»t7v> 

I*. aGtftt^ior, 8f££#£l 2<D»^ISfi^tS 
ttfX <BS<Dffll'Ct*N = 1 OS) «J<c«l»*ft. Rtc 
Cft6tt4ttfittS» &nfcftMHtt* <B««>fl! , Ct* 
2*> ajtefs^sn*. C0i9£. ^-710^ 

[ 0 039] coc-isi^iups^^r i o*sg^ss<traaccs 

(SFO) >»*tttfpr4. i&mttHt 
<^©S*HrcM>-- 7 ff * fe^BBcc te w * aos 
a I. .1*2 8 0 <iiA>"C*«. W&©B5ccj:ftt*C 
C«0. 3pF«±T*n«i„>I.,. <^>»f*«:jSAc 

[ 0 0 4 0 ] WiaWOtecfc^CC, «2<J>|lftKSccj: 

>i. Ji-7lW««l. 0 «: U»> tfdteTJr^tc 

^Mmi/r^-7 r «!BAUBSHMft«:ff«r^. cntc 
J: 9 . [6x 4 «U f •- twrr <f 7 v ^fii 

ff^BJft 6 V 0 . S F O0BS irv? ^IhIS§ 4 ffloc-ftf iS 

[004 1] (93 <^>*»BSS } Wtz . 3 o> 

d**l*fc»-8Mt«* < S F O) BBSSO'7 ^ ^MB 

B£*20AtiBttt l Hnt/feS F Q/7 

4^ 1 *^7*RiCjt$xb?cPl|tC^l^Cgz^t'^ ^fe, 

[0042)012 ti, **M5«C^ffl«!^ ? ^©*8i« 
it S F OliKS Zltvv ?%LW&2 2 ±&m%<Di%ffl 

t bxmi?z%2<j>gmm<7>$ f q/7 ? ^asaa 

S23 {ill 09JR{> i^^^rttc 
ittsnit«8*va'6. coj:9<c. axmsb^« 

»jaSS»tcttSFOB»2 14JBC*. >^UB2B»C[) 
J: * ^a^KSte^^Rr *«»^ti7 » ^^1e3^S 
2 2«A^6. 

[ 0 0 4 3] *3<^ttBSKJ:ni*. S F 00522 1 
S^7 ? *^@BS2 2 4tt^^&@K2 3 ^ 1 9 

9 r^SW?* Bitter 

[ 0 044) < 9 4 costsffM > *k . &§m<om 4 <^> 
^fesjstcoc » xtmr com a v&mmx'U, 
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9 

3£4 Fj-<?> t> ©tt-n - r**|sjft^ ft 15 1* x $m ft 

I 0 0 4 5)013 i*> »4Q*l6ff5S^S F QBHS' 

X^Aii, SFQBH2 1j5WXCG>SFGBB2 lie** 
$£3 hfc©2 CC-*t&^J«(Z>S F Q/? *&&EBS2 3 
m 1 0 ftJR) MMMhfc* * 7*3 2 4 , ;i>ft < 4 <> 
S F Qts]j£2 4 **«Ute* * -7 3 3 &*Wt/CfcO , 

[ o 0 4 6] »4<0&tffi&K.£ti&. * * tWV >* 
-7*^A<DttS0SS4UTS:tt@B2 3«rScv SiSS 

-r*©*ftM*. *?^32, 3 3 racoaisasEteMtiS 

[004 7] < * 5 G>HStt»» ) . 5 © 

.**8»«tc^»*cai"S^^. co>m r o extras cii, 

S F QBB££S4>ftiSH<24 - ? * * *K-^r 
fH*t&. ft**. «3^1WBSt?KnofettaM t ^ 
4 H-G> <> <Z>K * r i*l=jft^ftse L, *C»W ft 

[004 8)014 ii, S^0&«E«Sfl>S F Q/*« 
MSB*'* r A<Ef&«ft*TS35H'C*£. H*«>fli 

S2 1&VC©SFQBB2 1 fc#»3nfc£2CDlBfc 
SttOS F ? *^@S&2 6;VifttSnft:? 7* 
3 4 4, gfrt«7>'7'2 8&.CXSSTtefe^rttte«'& 
fflH©^#HB3 5 4*m/Cfc9. *?7'3 4 4* 
&f*lfiiK3 5 4<C«3r'H£ft*fir* £fr£S&2 7 ft/K/ 

m 1 1 ks? ^rnvtofr-y i o ftfa*fcs:teB»ft 
[ o 049] *&0&iwfi<cj:n«. (as • saraw 

> * - 7 * ^ * ©SEftBB 4 0 X gfeBB 2 6 ft mi 

t64T*<&*ft6?\ SFQBB2 1 <L*i»f*BB3 5 
■MC fcW & *<r » S / N ©EBJa-^iaiS^ff ^fcg ftffft 

[ o o 5 o ) ft a, «t«: «f J: 5 * & -7 4>&» t*& 
wsftsftft-r. 

to 0 5 1 ) *«W^E«B*«>-«aiK:*ii»-ctt, 
usta* * >*i'*SM>»sg£#o . 1 < p f > - 1 o 



Co) 4CBB2O0 0-3 5 3 83 ! 

10 

(pF) o>ifasp9^€fti4$nrc^o 

[ 0 0 5 2 ] *-^««>ag«^0-StttC450'C, 17 
4 «SWCC3£5U 4 ft & J: 5 K»W 6*1X1* £ 0 

[ o o s 3 ] *%w<vm£m%<»~&mct6t,>xtt, 
[ o o 5 4 ] ^^^ewdo-mcctot'-cit. 

HBWBMUHB0^4r < 4 hmz$£2m&V>$l&& 1 
10 0 0 «±<&tfcR*Sft WT Sttttttftd* 6 ft 4. 

[ 0 0 5 5 ) *^<^e-«^^-StlfrC*}^X, 'P 
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(54) SUPERCONDUCTING JUNCTION AND 
SUPERCONDUCTING CIRCUIT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a 
superconducting junction which can be operated at a fast 
speed by low energy by making an effective Mc Cumber 
coefficient which depends on electrostatic capacity of a 
capacitor part larger than a specified value and making 
an operating current flowing to a junction part during 
generation of a voltage in a junction part larger than a 
minimum current value which can maintain a voltage. 

SOLUTION: In a latch-type circuit, a high temperature 
superconducting junction can provide hysterisis to its 
l-V characteristic by connecting a capacitor part Cs to 
a junction part J1 in parallel. Furthermore, a Mc Cumber 
coefficient pc is adjusted and the relation between an 
operating current lop flowing to the junction part J 
during generation of a voltage of the junction part J 
and a minimum current value Imin which can maintain a 
voltage is also adjusted to surely develop hysterisis. 
The Mc Camber coefficient pc is featured by hysteresis 
characteristic of a Josephson 

junction pc=2nlcCR2/&phiv;o. Here, Ic is the 
superconducting current, C is the electrostatic capacity 



and &phiv;o is the magnetic flux. When pc>1, 
develops. 
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